
Publication No. QLR 62-16 

N64 22782 

SECOND QUARTERLY STATUS REPORT 

ON 

EXPERIMENTAL STUDIES FOR THE DETECTION OF PROTEIN 
IN TRACE AMOUNTS (J-BANDS) 

Contract No. NASR-84 

Reporting Period: 1 May 1962 - 31 July 1962 
Principal Investigator: Dr. R. E. Kay 

- - - - -  

I 
OTS PRICE 1 

< '  

AERONUTRONIC DIVISION 
FORD MOTOR COMPANY Newport Beach, California 



The inf luence of pH on the i n t e n s i t y  of the J-band formed i n  

the  presence of p ro te ins  was determined by mixing g e l a t i n  and 0.001M 

cacodyl ic  ac id  o r  t r is  buf fe r s  with 3 ,3 '  d i e t h y l  -9 methyl 4,5,4',5' 
dibenzothiacarbocyanine bromide ( I ) .  It was found t h a t ,  over the  pH 

range 5.2 t o  8.8, the  i n t e n s i t y  of the  J-band was not appreciably 

a l t e r e d .  

The i n t e n s i t y  of J-bands formed with E .  c o l i  suspensions and 

g e l a t i n e  so lu t ions  i n  cacodyl ic  acid bu f fe r  (pH 7 .0 )  was inves t iga t ed  a s  

a func t ion  of p ro te in  concentrat ion.  I n  each case ,  a s  l i t t l e  a s  0.00005 

percent  p ro te in  gave an e a s i l y  de tec tab le  J-band and increas ing  the pro- 

t e i n  concentrat ions,  up t o  a t  l e a s t  0 .1  percent ,  gave r i s e  t o  progress ive ly  
~ 

L more in tense  bands. 

The i n t e r a c t i o n  of the  dye with pyrimidine and purine bases ,  

nucleosides  and nuc leo t ides  was inves t iga ted  a t  pH 7 .0 .  

a l t e r e d  the absorpt ion spectrum of the dye and f o r  each nucleot ide t e s t e d  

an in tense  J-band was formed. Since the  only d i f f e rence  between the  

nucleosides  and the  nuc leo t ides  i s  the presence of a phosphate group i n  

the  l a t t e r ,  it appeared t h a t  t h i s  group was responsible  f o r  the  formation 

of t he  J-bands. A t  pH 7 the  phosphate group i s  negat ive ly  charged. To 

determine i f  the  phosphate group per se o r  simply the negative charge was 

responsible  f o r  t h i s  behavior,  the r eac t ion  of cy t id ine  1 / 2 H  SO with the 

dye was inves t iga ted  and i t  was found t h a t  t h i s  substance a l s o  caused the 

formation of J-bands. Apparently, s t rongly  negat ive ly  charged s i t e s  a r e  

poten t  f a c t o r s  i n  the  formation of J-bands. Therefore,  the  inf luence  of 

Only the  nuc leo t ides  
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inorganic  anions on the  formation of J-bands was ascer ta ined .  It was 

found t h a t  i n  the presence of inorganic s a l t s  the dye formed J-bands, 

but  t he  s a l t  concentrat ions required were very much g r e a t e r  than f o r  pro- 

t e i n s  and seve ra l  times g rea t e r  than f o r  the  nuc leo t ides .  Chromate, 

s u l f a t e s ,  phosphates, ch lo r ides ,  bromides, carbonates and n i t r a t e s  were 

-1- 



e f f e c t i v e  with increas ing  potency i n  t he  order  given, the  d iva l en t  anions 

had the  g r e a t e s t  e f f e c t  and the ca t ion  spec ies  had l i t t l e  inf luence on the 

r e a c t i o n  of the dye. It was found t h a t  i n  the  presence of 10 percent  

e thanol  the  s a l t  concentrat ion required t o  cause the formation of a J-band 

w a s  increased t en fo ld ,  without a l t e r i n g  the  s e n s i t i v i t y  t o  g e l a t i n .  

The i n t e r a c t i o n  of the  dye with f o r t y  amino a c i d s  o r  amino a c i d  

de r iva t ives  was determined i n  cacodylic ac id  bu f fe r  a t  pH 7.0.  

case was the  absorp t ion  spectrum of the  dye a l t e r e d  by the presence of 

these  compounds. 

I n  no 

e -  

' cyanine ch lor ide  with g e l a t i n ,  s u l f a t e ,  and nuc leo t ide  so lu t ions  was in-  

The behavior of 3,3'-dimethyl 4,5 ,4 ' ,5 '  dibenzo-9 ethyl- thiacarbo-  
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ves t iga t ed .  It was found t h a t  t h i s  dye forms an in tense  J-band a t  650 m p  
i n  t he  presence of these substances and t h a t  i t s  s e n s i t i v i t y  t o  s u l f a t e  

ions  was considerably g r e a t e r  than t h a t  of dye I. 
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